Abstract
Introduction
Almost all countries/regions in the world are now facing the problem of the aging society after the success of modern public health care policies and evidence-based interventions such as better post-natal care, advances in medical systems, and improved nutrition. This situation has also triggered concerns that more people will become sedentary and consume more social resources.
In the more developed regions that comprise all regions of Europe plus Northern America, Australia/New Zealand and Japan, the ratio of people 65 years and older (65+) was 15.3 % in 2005, and will be 26.2 % in 2050 [1] . In Japan, the values are 19.9 % and 37.8 %, respectively. Other countries are following Japan with Korea at 9.3 and 34.2%, China at 7.6 and 23.3%, Hong Kong at 12.2 and 32.6%, and Singapore at 8.5 and 32.6 % [1] . This means that a significant proportion of the society, almost one third of the total population, will be 65+.
Governments and/or public organizations are coping with this issue by promoting specific programs or projects.
Among them, the World Health Organization (WHO) has promoted several world initiatives e.g. "active aging" [2] with several projects such as fall prevention for the elderly, and age-friendly standards. Active aging is the process of optimizing opportunities for health, participation and security in order to enhance the quality of life for people as they age. It covers to both individuals and population groups.
Other governments/organizations have also started their own activities with the help of cutting edge information and communication technologies (ICTs). The reason why ICTs are being used is that they have dramatically advanced recently and are now seen as a powerful tool to realize several targets. Typical examples are broadband and ubiquitous technologies.
Broadband technology has been advanced with the adoption of fiber optic communication technology, especially the Fiber-To-The-Home (FTTH). Ubiquitous technology has been established by the use of wireless technologies such as IC tags whose research, development, and standardization activities have been very frenetic. This technology is capable of information exchange anytime everywhere. The fact of ICT growth is clear and is being referenced everywhere e.g. in academic societies such as IEEE, IEICE, and KICS.
Several governments/organizations have clearly cited the use of ICT in different programs; the European Commission (EU) highlighted that better leveraging of the potential generally provided by ICT for independent living in an aging society represents both a social necessity and an economic opportunity in the framework of the i2010 initiative [3] . Japan enjoy secure and healthy lives [4] . The strategy specifically lists the research and development of home medical technology using ICT. South Korea declared the IT839 strategy as a new development strategy for the IT sector in 2004 [5] . In the IT839 strategy, new key infrastructures such as the broadband convergence network (BcN) and ubiquitous sensor network (USN) are described to provide high-tech services including ehealth. Standardization bodies such as the International Telecommunication Union (ITU) have studied and recommended health care related issues mainly from the viewpoint of ICT. Current ITU-T Study Group 16 is working to develop multimedia systems to support e-health applications, in particular those in the area of telemedicine [6] . ITU-D Study Group 2 is also working to study telecommunication for e-health by taking further steps to assist in raising the awareness of decision-makers, regulators, telecommunication operators, donors and customers about the role of telecommunication and information technologies in supporting healthcare and a healthy life in developing countries [7] .
Summaries of each program will be given in future literature by the author [8] .
ICT may apply to all fields from small areas such as inside the body collecting data in real time, to the global network infrastructure to transfer a lot of medical data or to control equipment e.g. remote surgery. Among them, the application of ICT to the home is one of the most important issues because individuals will or have to stay longer in their homes than before. IEEE held the first trans-disciplinary conference on Distributed Diagnosis and Home Healthcare (D2H2) in 2006; it considered that "Health care is shifting from a central, hospital-based system to a patient-centered system, where patients will be the manager and owner of their health information" [9] .
Therefore, a lot of effort is being focused on research in several areas for a variety of home services in the so called smart house. Relevant works are described in designing the future home [10] , Smart Home [11] , Gator Tech Smart House [12] , Sensing room [13] and POF (Plastic Optical Fiber) based home networks [14] .
Others have also already been published, please refer to e.g. [3] .
The author has also presented an image of the next generation convergence home network (NgCHN), together with some applications [15, 16] . This paper overviews, for the home environment, content transfer ranging from vital information transfer to broadband content transfer; we focus mainly on the viewpoint of network/transmission related lower layer functional issues. Section 2 of this paper first gives the image of the future smart home, and then describes the content flows together with flow capacities and number.
Section 3 deals with several technical study items, including the variety of services, that must be resolved to realize the home environment. Section 4 clarifies each technical study item from the general perspective and the authors' viewpoint. Section 5 concludes the paper.
Next Generation Home Network
Creating the home environment demands a consideration of how people, especially the elderly, can live comfortable, healthy, safe, and convenient lives. Therefore, the environment includes a variety of service applications and terminals. Network image and some characteristics are described in this section. Figure 1 depicts the next generation convergence home network (NgCHN) image, together with some information / signals transferred through the network [15] as an example. The NgCHN consists of the home backbone and edge networks. The home backbone connects to other networks via the HGW (Home Gate Way) through the broadband network e.g. FTTH (Fiber-To-The-Home). Both broadband and ubiquitous technologies are used to support different applications; Vital information collection will be the key application to supporting daily life, especially for the elderly.
The data should be captured by extremely small devices in order to reduce the load placed on the user and to support service anywhere anytime. Wired/ fixed sensors will also be used for this application and for capturing environmental information. Position sensing applications that use Major point of network migration from the existing network to the next generation one is that everyday objects and sensors are connected on an Internet Protocol (IP)-basis as illustrated in Figure 2 . Left hand side of the figure corresponds to the existing network where several terminals use dedicated networks and the rest does not use any network. The right hand side of the figure represents the next generation network where almost all terminals or devices will be IP-networked. All can communicate through the convergence network resulting in the ability to easily create new applications or services.
A variety of content flows will pass over the network with flow capacity depending on what terminals or devices are used. Table 1 summarizes the various content categories of source/sink terminals in the home environment, together with flow direction and envisaged capacity. Figure 3 depicts the capacities and the numbers of terminals/devices. Total capacity, sum of their products, is also illustrated. As seen, the number of video terminals in the home is not so large but they have large capacity. Conversely, the number of sensors is large, i.e. > 1,000, but has very little traffic per device. Total capacity in the 
Technical Study Items
In order to create the environment described above, several technical study items should be addressed as listed below. They are widely spread from network related to application related issues of -architecture / functional allocation, -physical network configuration -includes transmission medium, -QoS (Quality of Service) of data -includes data transfer and traffic management, -data capturing methods, -feedback methods, and -data utilization.
Recent Progresses on the Study Items
This section overviews recent progress on the study items described in the previous section. It includes both general advances and those made by the author's group.
Architecture
The home environment itself must accommodate a variety of service applications and terminals in order to realize how people, especially the elderly, can live comfortable, healthy, safe, and convenient lives. Therefore, the architecture of the network should be heterogeneous.
A good example has already been provided by ITU-T from the viewpoint of lower layer functions in ITU-T Recommendation J.190 [17] with the latest version being July 2007.
Its scope is to establish a flexible and forwardlooking home-networking framework that provides a unifying theme for developing a coherent set of homenetwork interface specifications, while at the same time lending itself to future enhancement. The MediaHomeNet infrastructure, initially created for cable access networks, is designed to be complementary to those of all IP-based access network applications such as video distribution to STB (next generation set-top box) and voice over IP (VoIP), and Radio Frequency (RF) -based broadcast networks, but distinct and operational in the absence of these applications. The Recommendation identifies a set of fundamental architectural elements that can be flexibly combined in various configurations, allowing for the realization of a wide variety of home-networking solutions. Figure 4 depicts the outlined context of MediaHomeNet. As indicated in the figure, the MediaHomeNet based on IP supports a variety of proprietary devices that use dedicated proprietary protocols and it focuses on the residential gateway (PS) portion, layer-1/2 converters (LC) and boundary point (BP).
The scope of "home networking" spans a myriad of networking technologies (Layer-1/2 -PHY/MAC), delivery protocols, application devices, and services from the access and broadcast networks. MediaHomeNet addresses the bridging and controlling functions in the home network environment by focusing on IP elements with defined interfaces and proprietary elements that can communicate using proprietary protocols. Each HC and HD class device belongs to one of the service planes, for example AV plane, PC plane, TEL/FAX plane, or Home Appliance plane [17] .
New services or applications such as sensor applications for vital information sensing are included in other planes as indicated in the figure.
Even though further study is needed, performance requirements for IP and packet-based homenetworking services are described in the Appendix of J.190 [17] . It includes the performance metrics of priority, bit rate, bit error rate, latency, and jitter. Further discussion will be needed to confirm the values to be specified considering the emergence of new services. Figure 5 depicts a high level functional block diagram of the NgCHN and other networks as proposed by the author [16] . In this example, the highlighted areas correspond to the sensor network and its main applications. Other domains also have the same kind of relationship with other networks e.g. with the content service provider, IP-TV provider, or security service provider.
Functional Allocation
The NgCHN, left hand side of Figure 5 , consists of home server/database, sensor network (SN) domain, audio/visual (AV) domain, PC domain, telephone/facsimile domain, home appliance (HA) domain, and home gateway (HGW) which connects to other networks through the common IP-based broadband network. Here, a domain means an area wherein terminals or devices share a dedicated proprietary communication protocol as described in the previous subsection [17] .
Therefore, protocol conversion will be needed between some domains. As mentioned, the network includes both home backbone and edge networks.
The SN domain consists of the wearable sensor network (SN), fixed sensor network, sensor stations that handle all captured data, and a mobile PDA (Personal Digital Assistant) with display or mobile phone. The wearable SN uses wireless technology while the fixed SN uses wired connections. Both SNs are clustered depending on their types and/or transmission priority. Table 2 summarizes the signal transmission methods, wired or wireless, employed by the domains. As shown, all domains can use both. The SN domain should use wireless, however, BAN (Body Area Network) may be used. The AV domain tends to use wired connections (the home backbone) because of their higher bit rates. The HA domain also prefers wired connections established on existing power lines (PLC: Power Line Communication). Transmission media, wired and wireless, will be covered in the next subsection.
The other networks, the right hand side of Figure 5 , consist of database, medical service providers, and system service providers. Figure 6 depicts the data flows focusing on the vital sensing related data. The sensor network is linked to client, and medical institutions.
Data Flows among the Sensor Network, Client and Medical Agent
Each flow indicates an operation/process. Elucidating the flows yields several additional issues; -how sensor network (SN) captures clients' data, -how and what processed results SN feeds back, -how medical professions/agents mine the data uploaded from the SN and obtained by face-to-face conversations, and
-how and what they feed back to client for diagnosis/ prognosis. Subsections 4.6, 4.7 and 4.8 address some aspects related to these data flows. However, these issues are still under development as can be seen in related academic conferences and journals.
Physical Network Configuration
As is generally known, there are several wired network topologies; star, bus, and ring. Among them, the bus might not be used for large scale networks because of its attenuation loss. Double-star may be used as an extension of the star.
Any network topology of star or ring type can be applied to the wired core network in the home. Maximum transmission length in the home will not exceed 50 m regardless the network topology in a normal size house [18] . Therefore, transmission media such as optical fiber, Ethernet cable (CAT-5e, CAT-6), and power line (PLC) can be used to implement the home core. However, a key issue is limited space for in-wall conduits. Cross-sectional areas must be restricted [19] or total wire counts at the root part of the network should be minimized. Flexible cable such as the SM (Single Mode) optical curl cord with attenuation loss of less than 0.8 dB at the curl diameter of 16 mm [20] is highly suitable for easy installation in a conduit. One study performed by a house maker experimentally installed GI-POF (Graded Index -Plastic Optical Fiber) to the edge of the ceiling in an actual house [21] .
Sensor applications use both wired and wireless technologies. Wearable sensors that capture human vital information should be wireless to ensure high mobility and to reduce the burden of the client. There are many wireless technologies: IEEE802.11a/b/g, Bluetooth, ZigBee, Optical beam, etc. Their specification details have been published in other papers.
Among them, the latest topics of interest are body area network (BAN), visible white Light Emitting Diode (LED), and Radio over Fiber (RoF).
BAN:
Body area network (BAN) offers small-scale short-range wireless communication links. BAN is considered to play important roles in medical and healthcare services, such as automatic medical treatment, automatic dosing, and vital signal monitoring. BAN can be further divided into two categories depending on the operating environment. Wearable BAN mainly operates on the surface or in the vicinity of the body. The other is the implanted BAN [22] . Both are assumed to offer links of less than 5 m.
The key issue in realizing a BAN system or device is how to reduce the power consumption of devices. A lot of research has targeted this goal [23, 24] .
Standardization has also been actively performed in the IEEE 802. 15 [27] .
RoF: Recent mixed technologies that combine fiber optics with wireless have opened traditionally shadowed area to radio applications. Radio frequency (RF) signals from the base stations are converted in optical signals (Electrical-to-Optical (E/O) Conversion) by using the RF signals to modulate Laser Diodes (LDs). Optical signals are then passed over optical fiber to the distributed antenna unit where optical-to-electrical (O/E) is performed [28] . One such system is now commercially available with 300 MHz to 2.7 GHz broadband range [29] . In-house use of this technology offers several merits such as frequency re-use in each room, less EMI problem, and wide wireless signal coverage in multiple rooms without any signal reduction. This technology may allow lower cost wireless wearable sensor devices for home healthcare applications since less transmission power is needed. Table 3 summarizes the features of each service domain together with its QoS and data transfer characteristics.
Quality of Service (QoS) of data 4.5.1 QoS and data transfer characteristics in each domain
Outstanding issues are as follows [30] :
In the SN domain, most data traffic is transferred using best effort quality. However, security data and vital data traffic must be transferred with guaranteed quality because of their importance. The release of data from SN domain terminals occurs in several ways; environment management data is sent on demand, some vital information data is sent all day long, and others are sent synchronously with human behavior.
AV domain includes high quality display and audio devices. High quality video/ audio streaming will be the dominant service in the home network. Video International
streaming must be transferred with guaranteed quality because of its vulnerability to packet loss. AV domain data is transferred on demand. Required bandwidth for AV domain must cover not only HD quality, but also even higher quality video streaming application: SHD (Super High Definition) should be considered. In addition to the average rate described in Figure 3 of Section 2, it is noted that video streaming applications create burst traffic with steep peaks and idle periods; the instantaneous traffic rate is several times the average rate [31] . The PC domain includes PC peripheral devices such as printers and scanners. PC domain data is relatively strong against network delay but data size is increasing. Best effort transfer is enough. Data transfer is done both on demand and periodical.
The Tel/ Fax domain consists of telephone and facsimile. They will be connected to the IP-based network but they might be weak against jitter. VoIP data traffic should be guaranteed because it is a realtime application. Data will be transferred on demand.
In the HA domain, various HAs such as the refrigerator and microwave oven will be connected to the home network. Best effort is sufficient for HA domain data transfer. Data transfer is done both on demand and periodical. HA connection may be by PLC (Power Line Communication).
Influence of EMI
The average home has several appliances that emit electromagnetic waves. This may cause electromagnetic interference (EMI) problems for the transmission medium configuring the home network, especially the wireless links. Therefore, EMI from a microwave oven (center frequency at 2,450 MHz in normal), a very common appliance, should be studied to ensure that vital data on wireless links in the 2.4 GHz band are passed with the specified quality.
According to an experiment performed by the authors, packet loss varies from several percent to more than 30 percent depending on the location of the wireless devices (IEEE802.11g) [32] . One solution is to carefully select the channel used so as to avoid interference frequencies. However, a more detailed consideration will be needed in choosing the data transfer method in the home, especially in the kitchen.
Traffic management
NgCHN must accommodate a variety of sensors to support our life at home. It is not efficient to manage the Quality of Service (QoS) of each sensing data stream one by one. Therefore, sensors should be categorized depending on importance [33] . Figure 8 shows the transfer priority and required bandwidth x number relationship for the category. Both category I, which includes medical care, nursing care, and health care information, and category II which includes security and disaster information, have the highest level of importance as they relate to the Quality of Life (QoL) of humans. They have to be transmitted with high priority using e.g. the Priority Queuing (PQ) method. The other categories use best effort based methods such as Class Based Weighted Fair Queuing (CBWFQ) in order to assure a minimum bandwidth, the value of which depends on the level of importance.
Data Capturing Methods
Sensor devices are categorized into fixed and mobile. The former (wired type) will be located on the floor, wall, and ceiling or under the floor, on objects, and in the home appliances. The latter 
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Network-From Vital Information Transfer to Broadband Content Transfer Kimio Oguchi (wireless type) will also located on objects. A lot of sensor devices have been developed especially for healthcare e.g. [34] , [35] , [36] . The services covered include electrocardiogram (ECG), heart beat/heart rate (HR), blood pressure (BP), body temperature, content of blood e.g. glucose and lactate, oxygen in blood (SpO2), content of urine, stress, breathing, electromyogram (EMG), motion detection, acceleration, foot pressure, position/location e.g. Global Positioning System (GPS), etc.
Please refer to other papers for details of device characteristics. However, general requirements for wearable sensors are listed here as; -smaller dimension, -lighter weight, -durable, -lower power consumption, or non-powered (passive), -linked to other devices e.g. the sensor station, -interoperable, -less operation, maintenance, and/or provisioning, and -inexpensive.
The interface between the body and sensors located on the body raises the issue of wearability.
A smart solution for this issue was proposed by combining the conventional sewing and electronics techniques with a novel class of materials to create interactive digital devices [37] in 1997. A lot of effort has resulted in a soon-to-be commercial e-textile solution for personalized healthcare systems [38] .
Feedback Method
Feedback between client and SN, and client and medical professions falls into two categories: face-toface and remote by using ICT technology. The latter is further categorized as real-time or on-demand basis.
Feedback is realized by a method or plural complex methods with aural/sound, visual, text, tactile, gustatory, osmic basis. Any method may be used for on-demand basis in a professional institution. However, if client is in the home or outside, the usable method would be limited.
PDAs or mobile phones are attractive candidates as the feedback device for real-time applications because their performance has been dramatically improved and will continue to be advanced.
In the published research on the visualization of the body's motions for feedback on gait, the following general requirements are listed [39] ; -the hardware should be portable, simple, and wearable (wristwatch preferable.), -real time feedback should be provided, and -the software should be able to visualize the body's motions. Figure 9 compares various terminals that offer displays.
It assesses hardware portability and software effectiveness.
The hardware varies depending on the size of display, or the number of pixels. The software must offer visualization with different levels of reality. The hardware that fulfills the above requirements include the PDA (Personal Digital Assistant), cellular-phone, and wristwatch, while the most attractive software is TVML (TV program Making Language) for ease of installation even on hardware with low performance.
As hardware performance is improving day by day, other software will become available for realizing realistic body motion feedback. Data captured by sensors or stored data (covers client reports and client's genetic information) are processed in some manner, and then the results passed to the individual, medical/physical professionals, and/or medical agent/provider.
For example, client's daily weight is used by each individual without any processing as an indicator of the client's condition. Several data may be processed and informed to the individual and or medical/physical professionals. The conclusions reached by these professionals may be feed-backed to the individual. Combination of data captured by not only multiple sensors and also other manner will be processed and used in medical agent/provider. The results are also feed-backed to medical/physical professionals and the individual.
Processed results will be informed directly to the individual or medical/physical professionals as indicated by the red dashed arrows in Figure 10 .
One example of capturing and processing data from an individual to show the feasibility of diagnosing and predicting health states has been presented [40] . In [40] , the heart rate was monitored during sleep by a wearable sensor for a mid-term period (9 months). Obtained data was analyzed by correlating it to the subject's behavior during the day. Results clearly showed that heart rate was basically steady if no special action was made before sleep in the afternoon or evening. Analysis of the data also implied the possibility of determining that the user has caught a cold.
The most important application to use the widest variety of data collected from sensors and user actions is "context awareness"; a concept that first appeared in [41] in 1994.
The article described the three important aspects of context awareness as; where you are, who you are with, and what resources are nearby. In order to design context-aware systems, some considerations have been identified in e.g. [34] . By referring to [34] and the author's experiences, the following are categories of items to be gathered; -personal related data;
 personal identification,  physiological information,  activity,  planned activity, -personal near-by related data;  social interaction,  resources that are nearby,  availability of resources -personal surroundings related data;  spatial information,  temporal information, and  environmental information.
A lot of work has been done from different perspectives. The viewpoints include general issues [34] , health care systems [42] , wireless sensor network systems for long term health monitoring [43] , and media access control (MAC) [44] . These issues are still being actively researched and developed everywhere, please refer the latest related academic conferences or journals.
Conclusion
Due to the rapid aging of the world's population, several urgent issues are being raised that must be faced by not only the individual but also governments and organizations. People will suffer from many health related problems and governments will also worry about the social costs. ICT technologies, which have dramatically advanced recently, will play key roles in overcoming the problems. This paper first clarified the current situation and then explained the significance of the home network. After citing several technical study items, details were provided from the general viewpoint and the author's interests; we focused on lower layer functions.
By continuing to develop advanced technologies including the intelligent and smart user interface and user friendly applications/services, we will become able to create the user-oriented future society or environment in which people, especially the elderly, can live comfortable, healthy, safe, and convenient lives.
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